, and increased sensitivity to lysis by anti-I in vitro due to enhanced uptake of antibody (Lewis, Grammaticos, and Dacie, 1970) . These features indicate that dyserythropoiesis is a characteristic of the aplastic anaemias, albeit usually overshadowed by the hypoplasia. The purpose of this study was to review bone marrow appearances in aplastic anaemia in order to assess the extent of dyserythropoiesis and to evaluate the use of bone marrow cytology as a guide to prognosis.
Haematopoiesis is affected in two ways in aplastic anaemia. In addition to a quantitative decrease in haematopoeitic cells, there are qualitative alterations. In the mature neutrophil this is manifested by the presence of abnormally dark red-staining granules in Romanowsky-stained films and by exceptionally high alkaline phosphatase (Lewis, 1962) . In the erythroid cells it results in the production of a proportion of defective cells; these are characterized by morphological abnormalities such as poikilocytosis and fragmentation, decreased survival in vivo (Lewis, 1962) , and increased sensitivity to lysis by anti-I in vitro due to enhanced uptake of antibody (Lewis, Grammaticos, and Dacie, 1970) . These features indicate that dyserythropoiesis is a characteristic of the aplastic anaemias, albeit usually overshadowed by the hypoplasia. The purpose of this study was to review bone marrow appearances in aplastic anaemia in order to assess the extent of dyserythropoiesis and to evaluate the use of bone marrow cytology as a guide to prognosis.
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Materials and Methods
A total of 100 bone marrow aspirates was examined from 80 patients. The patients had been diagnosed as suffering from aplastic anaemia on the results of peripheral blood counts and bone marrow biopsies, their clinical course, and, in some cases, postmortem findings. Many of the patients have been included in previous reports on other aspects of aplastic anaemias (Lewis, 1962 (Lewis, , 1965 (Lewis, , 1969 Lewis and Dacie, 1967) . In 51 of the cases a drug or chemical may have been incriminated, namely, chloramphenicol (11), other antibiotics (8), phenylbutazone (9), gold (3), industrial solvents (6), insecticides (2), tranquillizers (3), analgesics (7), other drugs (6), x-rays (2). In 37 of the cases more than one toxic agent may have been implicated. In other cases no possible aetiological agent was identified.
Of 13 children included in the series, five were diagnosed, on the basis of family history and/or characteristic physical stigmata, as having Fanconi's anaemia. Patients with pure red cell anaemia have not been included. (fig 1) . The peripheral blood cytopenia usually but not always paralleled the degree of bone marrow hypoplasia (as revealed at the site of one aspiration).
MARROW CELL POPULATIONS
The myeloid :erythroid (M :E) ratio ranged from 0-23 :1 to 15:1, with a mean of 2-19 (SD 3 40) (normal range 2-5-15:1).
The myeloid:lymphoid (M:L) ratio ranged from 0-13 :1 to 5 8:1 with a mean of 1-54 (SD 1-68) (normal range 1-0-17:1).
The lymphoid:erythroid (L:E) ratio ranged from 0-13:1 to 16-7:1 with a mean of 3-18 (SD 4-63) (normal range 0-2-4:1).
The mean distribution of the three groups was: The predominant cell type varied between cases. In some there was a normal relative distribution. In many cases, however, especially in the more severe hypoplasias, lymphoid cells were predominant (figs 2 and 3), and there was an inverse correlation between lymphoid and erythroid cells (fig 3) .
As a rule there was a normal relative distribution of myeloid cells. Myeloblasts comprised 1-5 %, usually 1-2%. Means and SD of the other cells were: myelocytes 16-9% (± 48), metamyelocytes 23-2 % (± 7 7), polymorphs 30 5 % (± 9-8). In about half the cases, however, the ratio of blasts and promyelocyte :myelocytes and metamyelocytes, normally 1:5 to 1:10 was reduced to about 1:3. fig 10 (a-m) , were especially noteworthy.
Megaloblastosis and asynchrony of maturation of nucleus and cytoplasm (a, b) were the most frequent abnormalities. They occurred in every case and in some the majority of the erythroblasts were megaloblastic.
Binucleated erythroid cells (c) were present in about three-quarters of the cases. In a few they were an outstanding feature, but in the majority of cases only 1-3% of the normoblasts had double nuclei. Both early and late normoblasts were affected; in some of the binucleated cells asynchronous development of the paired nuclei was a striking feature.
Atypical mitotic figures (d, e) were found in both early and late erythroid cells in almost all cases. Cytoplasmic connexions between erythroid cells of varying degrees of maturity (h, i, f) were found in up to 5 % of the erythroid cells both early and late. Occasionally there was a striking degree of asynchrony between cells thus joined. This abnormality was seen in 80% of the marrows.
Chromatin bridges between nuclei (i, j) also occurred but they were much less frequent than cytoplasmic connexions.
In some preparations, extrusion of the nucleus was seen in relatively immature erythroblasts (f). Bare nuclei and cytoplasmic masses (g) (often basophilic) were also found.
In all marrows a small percentage of normoblasts showed degenerative changes in their nuclei (k, 1, m) -blurred nuclear outlines, irregular shapes, budding, and fragmentation.
In some cases vacuolations could be seen around the nucleus and occasionally between the nuclei of a binucleate erythroblast. More generalized cytoplasmic vacuolation was rare. Howell-Jolly bodies and basophilic stippling (m) were seen in 1-3% of the erythroblasts (mean 1-8 %) in about three-quarters of the cases. In some cases many features of dyserythropoiesis could be seen in a single field (fig 11) .
Discussion
Whereas aplastic anaemia is characterized by a quantitative deficiency in cell production within the bone marrow, there is also frequently an associated qualitative defect in erythropoiesis (Lewis,1962) . The present study has shown the extent to which morphological abnormalities occur.
The term dyserythropoiesis expresses both the kinetic and morphological aspects of abnormal erythropoiesis . Kinetically, there is ineffective erythropoiesis with intramedullary destruction of erythroblasts. Morphologically, dyserythropoiesis is characterized by asynchrony of maturation between nucleus and cytoplasm, mitotic abnormalities, nuclear lobulation, budding and fragmentation, binuclearity and multinuclearity with internuclear bridging and sometimes
The bone marrow int aplastic anaemia: Diagnostic and prognostic features megaloblastic changes; cytoplasmic abnormalities include vacuolation and basophilic stippling and excessive deposition of iron in lysosomes or in mitochondria, and cytoplasmic bridging. Dyserythropoiesis of greater or lesser severity occurs in a wide range of diseases. Several types of congenital dyserythropoietic anaemias have been described and dyserythropoiesis is also evident in myelosclerosis, leukaemia, megaloblastic anaemias, irondeficiency anaemia, and in defects of iron utilization as found in acquired sideroblastic anaemias and infections.
From the static pictures of cells as seen in a marrow aspirate, it is difficult to deduce the dynamic processes involved in abnormal cytopoiesis; furthermore many of the morphological manifestations of dyserythropoiesis may occur as the result of a disturbance at any stage of erythropoiesis. In aplastic anaemia, some of the earliest recognizable erythroblasts show megaloblastic changes, indicating interference with DNA synthesis. Disturbances of the mechanism which regulates the cell cycle and normal mitosis results in multiple nuclei. Asynchronous maturation of each nucleus in a cell and premature extrusion from inadequately haemoglobinized cells are also consequences of defective cell differentiation. Other manifestations, such as nuclear budding and fragmentation, as well as cytoplasmic vacuolation, are probably degenerative. The pressure exerted on cells during extraction and smearing may lead to distortion, with stretching or rupture of intercellular connexions and displacement or fragmentation of intracellular structures. However, disturbance in protein synthesis may cause the cell to be more fragile and thus more easily damaged by these mechanical actions; it may also lead to a defective membrane which results in poikilocytosis and cell fragmentation and in increased uptake of anti-I (and anti-i) antibody (Lewis et al, 1970; Cooper, Hoffbrand, and Worlledge, 1968) .
In relation to the dyserythropoiesis of aplastic anaemia, the effects on erythropioesis of certain chemicals may be relevant. Thus, benzene, a well recognized cause of aplastic anaemia (Goldwater, 1941; Aksoy, Dincol, Akgun, Erdem, and Dincol, 1971) , inhibits DNA synthesis and cell division at the level of the stem cell; it may also cause chromosomal damage (Rondanelli, Gorini, Percorari, Trotta, and Colombi, 1961) and bone marrow fibrosis with structural alteration of the microenvironment and disruption of vessels (Knospe and Crosby, 1971) . Chloramphenicol inhibits protein synthesis after attachment of amino acids to transfer RNA, by blocking the transfer of amino acid to ribosomes; haemoglobin synthesis is disturbed and excess iron accumulates in the mitochondria (Yunis and Bloomberg, 1964; Beck, Buehler, Armentrout, and Ludin, 1972) . Thus, toxic agents acting at different levels can bring about an apparently similar end result-aplastic anaemia and dyserythropoiesis.
In most cases of chronic acquired aplastic anaemia it is usually difficult to appreciate the sequence of events. The supposed causal agent may have destroyed a proportion of the stem cells and inflicted non-lethal injury on a proportion or on the whole of the remainder. Also, when remission occurs, the effects of damage to the original marrow population may persist, so that the marrow might contain a mixed population, namely, the progeny of unaffected stem cells which have survived to repopulate the bone marrow and descendants of non-lethally injured cells which manifest a persistent abnormality. This could explain the presence of both normal and disturbed erythropoiesis in the same preparation. Atypical mitotic figures were seen in most cases of aplastic anaemia studied. This is of interest in view of the occurrence of leukaemia on the basis of a preexisting aplastic anaemia and of reports of leukaemia developing in patients with aplastic anaemia after androgen therapy (Delamore and Geary, 1971) . As similar abnormalities were present in marrow films whether or not the patients had been receiving androgen therapy, this finding supports the suggestion that aplastic anaemia per se might give rise to an abnormal clone with a predisposition to leukaemia.
The variability of marrow cellularity in aplastic anaemia has been previously noted (Lewis, 1969) . This is likely to result in unrepresentative sampling and the possibility that evaluation of a single bone marrow aspiration might lead to an erroneous diagnosis (fig 1) . Furthermore, the appearance in aspirated material may differ from trephine sections; this may be due to residual marrow being less readily dislodged by aspiration in aplastic anaemia.
The relative proportion of different cell lines within the bone marrow aspirate varies greatly from case to case. Within each of the cell lines, cells of all stages of maturation were present, although in the myeloid series there was a relative preponderance of early cells. However, in contrast to refractory anaemia with myeloblastosis (Dreyfus, Sultan, Rochant, Salmon, Mannoni, Cartron, Boivin, and Galand, 1969) there was no absolute increase in myeloblasts. It has previously been shown that prognosis is related to the degree of neutropenia and thrombocytopenia in the blood (Lewis, 1965) . The marrow granulocyte precursor cell content parallels the blood neutrophil count remarkably closely, so that prognosis is worse when the myeloid:erythroid ratio is reduced. The relationship of monocytopoiesis to granulopoiesis is fairly well established (Metcalf, 1971) , and it has been reported that prognosis is poor when the blood monocyte count is less than 20/1u (Twomey, Douglass, and Sharkey, 1973 (Jepson and Lowenstein, 1966; Krantz and Kao, 1967, 1969) . However, whether the lymphoid cell infiltration in the marrow in some cases of aplastic anaemia implies an autoimmune pathogenesis is a matter for speculation.
Reticulum and mast cells tend to be found in close proximity to each other, at least, in fragments where the spatial relationships are preserved. It has been suggested that preponderance of mast cells is a feature of congenital aplastic anaemia (Fanconi, 1964) but in the present series there do not appear to be any significant differences between congenital and acquired anaemia in this or any other bone marrow features.
